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EXTENDED ABSTRACT

Introduction

In recent decades, the escalating influence of
climate change has cast a substantial impact on
Iran's  water resources, agriculture, and
environmental equilibrium, leading to discernible
shifts in both precipitation and temperature
patterns. These climatic transitions play a pivotal
role in shaping the hydrological cycle,
contributing to the occurrence of severe events
such as droughts and floods, which carry far-
reaching consequences. Precipitation, a pivotal
climatic variable, exerts significant influence over
water resource access, agricultural irrigation
practices, and the broader socioeconomic fabric.
A meticulous analysis of precipitation trends
becomes imperative for steering effective water
resource management, bolstering preparedness
for floods, and implementing strategies for
drought  mitigation.  However, traditional
methodologies, encompassing linear regression
and Mann-Kendall tests, often adopt a narrow
focus on mean or median values, potentially
overlooking nuanced variations present in
different segments of the data distribution. In this
context, our study seeks to transcend these
limitations by undertaking a comprehensive trend
analysis of precipitation and extreme precipitation
indices in Iran (R10 and R20 (number of days with
a minimum of 10 and 20 mm of precipitation,
respectively). This undertaking is facilitated by
the application of the quantile regression (QR)
model, a sophisticated approach that enables a
more detailed exploration of trends at various
guantiles. The temporal scope of our investigation
spans half a century, from 1972 to 2021, covering
a substantial timeframe marked by both natural
variability and the discernible impacts of climate
change. The study encompasses 39 strategically
selected synoptic stations in Iran, recognizing the
diverse climatic conditions characterizing the
country's regions. By delving into trends at
different quantiles, our objective is to unravel the
intricacies of changes in both dry and wet

conditions, providing a more nuanced and
granular understanding of Iran's climatic
evolution.

Material and Methods

The quantile regression (QR) model is employed
to analyze precipitation trends, allowing for a
detailed exploration of low, medium, and high
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quantiles. Unlike traditional methods, QR does
not assume normal distribution, is robust against
outliers, and enables the examination of trends
across different parts of the data distribution.
Quantile regression is a statistical technique used
to analyze the relationship between variables
when the data does not meet the assumptions of
traditional linear regression, such as normally
distributed errors or constant variance. Unlike
ordinary least squares regression, which estimates
the conditional mean of the dependent variable,
quantile regression estimates the conditional
guantiles. In this study, quantile regression is
utilized to explore precipitation trends across
different quantiles. The study spans 39 synoptic
stations, representing lran's diverse climate.
guantile regression is employed to explore
precipitation trends across different quantiles,
allowing for a more detailed examination of the
data distribution. This approach is particularly
useful when analyzing extreme values or
segments of the data that may deviate from the
overall trend. By analyzing trends at various
guantiles, we can gain insights into how
precipitation patterns vary across different levels
of intensity. The analysis encompasses 39
synoptic stations in lran, capturing the diverse
climatic conditions present across the country. By
utilizing quantile regression, we aim to uncover
nuanced trends in precipitation and extreme
precipitation indices, providing a comprehensive
understanding of Iran's climatic evolution over the
past 50 yr.

Results

As shown in Fig. 1, the R10 index demonstrates a
discernible decline across several regions in
northern lran, specifically at the 0.05 quantile
level. Notably, stations including Babolsar,
Gorgan, Iranshahr, Rasht, and Tehran exhibit this
decreasing trend at the 95% confidence level,
while the trend is even more pronounced at the
99% confidence level in Shiraz. Conversely,
Qazvin and Saqgez stations show a significant
increasing trend, but only at the 99% confidence
level. At the 0.5 quantile level, the R10 index
indicates a diminishing trend across northern and
western Iran as well as the Zagros region,
affecting various parts of the country. This trend
is statistically significant at the 99% confidence
level in Abadan, Gorgan, Sanandaj, and Shiraz,
and at the 95% confidence level in Torbat
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Fig 1. Spatial variations in the slope of quantile repressions in Iran: a) R20 (0.05), b) R10 (0.05), ¢) R20 (0.5),
d) R10 (0.5), €) R20 (0.95), and f) R10 (0.95).

Conclusions

Quantile Regression emerges as a valuable tool
for analyzing precipitation trends, offering
insights into various quantiles and addressing
limitations of traditional linear regression
methods. The results suggest a notable decrease in
precipitation across Iran over the 50-year period,
with distinct trends observed in different regions
and quantiles. The study underscores the
significance of considering extreme values and
diverse parts of the distribution when assessing
climate trends. Spatial variability maps generated
through quantile regression can aid stakeholders
and water resource managers in understanding the
nuances of climate change impacts, supporting
effective risk management and adaptation
strategies.
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Table 1 Characteristics of selected synoptic stations across Iran for period 1972-2021

Station Longitude Latitude Elevation Station Longitude Latitude Elevation
(BD) (BD) (m) (DD) (BD) (m)
Arak 49.78 34.07 1702 Rasht 49.62 37.32 8.6
Urmia 45.06 37.66 1328 Zabol 61.54 30.09 489
Isfahan 51.71 32.52 1551 Zahedan 60.9 29.47 1370
Anzali 49.46 37.48 -23.6 Zanjan 48.52 36.36 1659
Ahvaz 48.74 31.34 22.5 Sabzevar 57.65 36.21 962
Iranshahr 60.72 27.23 591.1 Saghez 46.31 36.22 1522
Abadan 48.21 3.38 6.60 Semnan 53.42 35.59 1127
Babolsar 52.65 36.72 -21.0 Sanandaj 47.01 35.29 1373
Bam 58.35 29.10 1066 Shahrood 54.93 36.38 1325
Bandar -Abbas 56.37 27.21 9.80 Shahre- Kord 50.84 32.29 2048
Bandar -Lengeh 54.83 26.53 22.7 Shiraz 52.63 29.65 1488
Bushehr 50.82 28.69 9.00 Fasa 53.72 28.9 1268
Birjand 59.28 32.89 1491 Qazvin 50.02 36.32 1279
Tabriz 46.44 38.12 1361 Kashan 51.48 33.97 955
L‘;;%a;rgeh 59.21 35.33 1451  Kerman 56.96 30.26 1754
Tehran 51.31 36.69 1191 Kermanshah 47.15 34.35 1318
Chabahar 60.65 25.28 8.00 Gorgan 54.41 36.91 0
Khoramabad 48.17 33.26 1147 Mashhad 59.63 36.24 999
Khoy 45.00 38.56 1103 Yazd 54.29 31.9 1230
Ramsar 50.68 36.90 -20.0 - - - -
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Table 2 The slopes of quantile regression lines for R10 and R20 extreme precipitation indices

Station QR10(0.05) QR10(0.5) QR10(0.95)  QR20(0.05) QR20(0.5) QR20 (0.95)
Abadan -0.054* -0.067** -0.107** 0 -0.032 -0.056
Ahvaz 0 -0.067 -0.115 0 -0.027 0.024
Anzali -0.25 -0.217* -0.106 -0.045 0 -0.125
Arak 0.108 -0.077* -0.054 0.021 -0.024 0
Babolsar -0.150** 0 0.103 0 0 0.062
Bam 0 -0.025 0.0465 0 0 0
Bandar-e-Abbas 0 -0.042 -0.054 0 -0.045 -0.024
Bandar-e-Lengeh -0.041 -0.081 0 0 -0.062*** 0
Birjand -0.026 -0.031 0.022 0 0 0
Bushehr -0.05 -0.061 -0.139*** 0 0 -0.065
Chahbahar 0 -0.032 -0.085*** 0 0 0.041
Esfahan -0.021 0 0 0 -0.021 0.079
Fasa -0.022 -0.043 -0.05 0 -0.061* 0
Gorgan -0.143** -0.171%** -0.211 -0.042 -0.048 -0.026
Iranshahr -0.062** -0.032 0.023 0 0 -0.024
Kashan 0 -0.0001 -0.0625 0 0 -0.025
Kerman 0 0 -0.028 0 0 -0.028
Kermanshah -0.063 -0.091* 0.068 0 0 -0.048
Khorramabad -0.023 -0.120** -0.154 0.069*** -0.04 0.053
Khoy 0 -0.043 -0.088 0 0 -0.050
Mashhad 0 -0.071 -0.187** 0 -0.025 -0.028
Qazvin 0.0427*** 0.032 -0.116 0 0 -0.045
Ramsar -0.143 0.029 0.146 -0.047 0.024 0.111*
Rasht -0.400** -0.059 -0.162 -0.037 0 -0.135
Sabzevar -0.025 0 0.042 -0.025 0 0.042
Saghez 0.069*** -0.04 0.053 0 0 0
Sanandaj -0.111 -0.179*** -0.265** 0 -0.034 -0.162
Semnan 0 0.023 -0.064 0 0 -0.05
Shahrekord -0.114 -0.105 0 -0.037 -0.036 0
Shahrud -0.033 0 -0.128** 0 0 -0.0625
Shiraz -0.118*** -0.125*** -0.150** -0.027*** -0.043 0
Tabriz 0 -0.03 -0.059 0 0 0
Tehran -0.083** -0.074* 0.098 0 0 0.063
Torbat Heydariyeh -0.105 -0.100** 0 -0.029*** -0.027 -0.043**
Urmia 0 -0.075 -0.12 -0.033 0 -0.048
Yazd 0 0 0.024 0 0 0
Zahedan 0 0 -0.03 0 0 -0.022
Zanjan 0 0 -0.043* 0 -0.022 -0.059

*p < 0.1, ** p < 0.05; *** P < 0.01 :.5,ls sixs zsbans
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